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Background

In northern Eurasia, which includes the areas of tundra, boreal forests, semideserts, and
deserts, there is a wide variety of the functional types of vegetation and climatic conditions.
This region plays an important role in the exchange of energy, moisture, and greenhouse
gases between the atmosphere, the underlying surface, and the hydrosphere.

*The biosphere, which includes the surface air layer, the vegetation layer (ecosystems and
biomes), soil, and the hydrosphere, has a noticeable influence on atmospheric climate
through the mechanisms of exchange of energy, moisture, momentum, greenhouse gases,
and aerosol.

*Variations in the composition and structure of the surface biosphere result in variations in
the fluxes of the substances indicated above and, thus, in climate changes. One can say that
the climate and surface hydrology of northern Eurasia, which are formed mainly under the
influence of ecosystems, make a significant contribution to global climate changes due to
the mechanisms of feedbacks between vegetation and atmospheric climate
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Feedback of vegetation are capable to increase reaction of climatic model to
change of a snow cover (Barnett T., et al, 1989; Bonnan G., et al, 1992;
Ganopolsky A. et al, 1998; Claussen M. et al, 2006; B. Cook et al , 2007 etc.)

It also well established that vegetation in high latitudes have significant impact on
land surface albedo and albedo feedbacks to climate system. This provides the
opportunity for strong feedbacks associated with coupled snow — vegetation
system. Variation of the trees line can modulate the snow cover albedo feedbacks
and impact on climate (B. Cook, G. Bonan, S. Levis, H. Epstein, 2007)
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Model Physics — Parameterizations

3.1 Surface Fluxes and Vertical Diffusion
3.2 Horizontal Diffusion

3.3 Radiation

3.3.1 Short Wave Radiation

3.3.2 Long Wave Radiation

3.4 Moist Processes and Dry Convection
3.5 Land Surface and Soil

3.6 Sea Surface

Ocean: Mixed Layer

Slab Ocean Model

Biosphere: SIMBA

Dynamic Vegetation

Vegetative Cover

Carbon Balance

Derivation of Land Surface Parameters
Ice
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Distribution of the portions of (a) and (b) forest vegetation and (c) and (d) herb and bushes
over Siberia; (a) and (c) correspond to the beginning (the first decade) of the 21st century
and (b) and (d) correspond to the end (the eighth decade) of the 21st century. Scenario A2.
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Evaluation of ecosystem dynamics and terrestrial carbon cycling in
LPJ dynamic global vegetation model.
The model is being used to study past, present and future ecosystem
Dynamics, biochemical and biophysical interaction between
Ecosystem and atmosphere and as component of coupled ESM.
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Table 1 PETparameter values: z,and z; are the fradian af fine raatsin the upper and lawer sail layers, respectvely; g, is the minimum

canapy condudance; rg, is the fire resistance; aygs is the leaf langevity; flas, fapwomt o from 1€ the leaf, sapwaad and fine raat tumaver
times, respectively; {4 mem 5 the temperature base in the heat damage maortality function and S is the growing degree day

requirement ta grows full leaf cowverage

Zq Zz o Yrre Oxaf f].a.f _fsapwmd. _f:-nm Tmnu-r_.:mn Sorm
PET W D ) mmsY) B g Y ) ) 9 PO
Trapimal broad-leawed ewvergreen [TTBE) i 0&5 015 05 012 20 05 0.05 05 - -
Trapimal broad-leaved raingneen [TrBLL) i 070 0320 05 0s0 05 10 0.05 10 - -
Temperate needle-leaved evergreen [TehE) i 070 0320 03 012 20 05 0.05 05 - -
Ternperate broad-leaved ever preen [ TeBE) i 070 0320 05 &0 10 10 0.05 10 - -
Temperate broad-leaved summergreen [TeBS) W 0&0 oI 05 012 05 10 0.05 10 - 200
Baoreal need le-leaved evergreen (BallE) 1 %0 010 03 012 20 05 0.05 05 ) -
Boreal need le-leaved summetgreen [BaliS) 1 %0 010 05 01z 05 10 0.05 10 ) 100
Baoreal broad-leaved summergreen (BoBs) 1 %0 010 03 01z 05 10 0.05 10 ) 200
Ternperate herbaceous (TeH) H %0 010 05 100 10 10 - 05 - 100
Trapical herbaceaus (TrH) H 030 010 05 100 10 10 - 05 - 100
*W =Waoody; H =Herbaceou s.
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Takle 2 PFT Biodimaticlimits: T, ., =minimum aoldest-maonth temperature for survival; T, . =maximum caldest-manth tempera-
ture for establishment; GO0 =minimum degree-day sum (5% base) for establishment; T, « ain =IMinimum warmest minus caldest

manth tem perature range

13

Te_.m.in Te_.nux GOz T, EETTE
FET (% (7 (< (%
Trapical broad-leaved ewvergreen 155 - - -
Trapical braad-leawed raingreen 155 - - -
Temperate needle-leaved evergreen —20 220 00 -
Temperate broad-leawed ewer green an LE& 1200 -
Temperate broad-leawed summergreen -170 55 1200 -
Boreal needle-leaved evergreen -315 —20 &S00 -
Bareal needle-leaved summergreen - =20 350 43
Bioreal broad-leaved summergreen - —20 a5 -
Temperate her baceous [TeH) - 155 - -
Trapimal herbaceaus [TTH) 155 - - -
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Init-Years Hist-Years Scen-Years Temp-Change-degC Prec-Change-%

Simulation (LPJ-GUESS) for stand at (longitude 90.25, latitude 59.75)
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Simulation (LPJ-GUESS) for stand at (longitude 90.25, latitude 59.75)
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Simulation (LPJ-GUESS) for stand at (longitude 90.25, latitude 59.75)
Init-Years Hist-Years Scen-Years Temp-Change-degC Prec-Change-% CO2-Change-%
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Simulation (LPJ-GUESS) for stand at (longitude 90.25, latitude 59.75)
Init-Years Hist-Years Scen-Years Temp-Change-degC Prec-Change-% CO2-Change-%
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Simulation (LPJ-GUESS) for stand at (longitude 90.25, latitude 59.75)
Init-Years Hist-Years Scen-Years Temp-Change-degC Prec-Change-% CO2-Change-%
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Conclusion

The dynamics of vegetation in Siberia is in agreement with the dynamics of
surface hydrology and with surface heat sources.

At the end of the integration time for scenario A2, significant variations in the

structure of vegetation occur in Siberia:

— the portion of the land surface occupied by vegetation decreases from

~48% to 35%, the forest portion decreases from 20 to 10%, and the herb

portion increases up to 26%. In the control  experiment, at the end of the
integration time, the portions of forest and herb amount to 22 and 24%,
respectively.

— In this case, albedo increased from 0.3 to 0.4, and evapotranspiration

declftl‘,eased by more than two times due to the decrease of the forest
portion.

The southward shift of the forest boundary and the rapid increase in the depth
of snow cover in fall during the last decade of the 21st century resulted in an
increase of surface albedo in Siberia (especially in winter) and in surface
cooling 1n this region.

Comparing the data obtained from a simulation of vegetation dynamics with
model (LPJ), we obtained similar results for the evolution of
the basic types of vegetation by scenario A2, A1B, Bl.
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